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Introduction
The Langmuir monolayer as an ideal two-dimensional model system is quite important for understanding interfacial science, and has found wide application in biology, sensors and electronic devices [1] [2] .
Magnesium is essential for life and is present in every cell in every organism. It plays a role in the stability of all cell polyphosphates including those associated with DNA and RNA synthesis [3] [4] . Compared to Ca, Mg is smaller and binds water molecules more strongly. Thus the ion is effectively quite large [5] [6] [7] . Its six coordination bonds also have more rigid coordination distances and directions than the more flexible Ca, with its six to eight coordination bonds [5] . In contrast to Ca, Mg binds to neutral nitrogen groups such as amines and imidazol in addition to oxygen (especially acidic groups) while calcium binds to oxygen in multidentate anions [5] . As a result, magnesium binding to protein and other molecules is generally weaker than that of calcium, and it is more difficult for it to reach and bind to deeper binding sites in proteins [8] , and to pass through narrow channels in biological membranes. Mg 2+ can bind electrostatically to the negatively charged groups in membranes, proteins and nucleic acids [9] .
A lipid monolayer is an excellent biomembrane model, widely used to study the interaction between compounds and lipid [11] [12] [13] [14] [15] [16] and biosensors [17, 18] . The interaction between metal cations such as Ca 2+ [19, 20] as grazing incidence X-ray scattering, Brewster angle microscopy, infrared reflection absorption spectroscopy, and second harmonic generation spectroscopy. These techniques provide details on the structure, ordering and morphology at the mesoscopic and molecular levels of phospholipid monolayers, especially attractive for our purpose. The majority of membrane lipids are glycerophospholipids, such as phosphatidylcholine (lecithin) (Fig. 1 ). As a continuation of our study [20] , this article examines the effects of Mg 2+ on phosphatidylcholine monolayers. We studied lipid-ion interactions as a function of magnesium ion concentration.
Divalent alkali cations, Mg 2+ in particular, bind and provide surface positive charge. In this paper, we present the evidence of the LMg + and L 2 Mg complexes formation. The stability constants of LMg + and L 2 Mg complexes have been calculated using equation derived in this paper. These data received from mathematical derivation and confirmed experimentally are of great importance for interpretation of phenomena occurring in lipid monolayers. In our opinion, this information will be very helpful for descriptions of biological membranes' physical and chemical properties. Eliminating from Eqs. 3-6 yields the basic equation: (7) where:
Theoretical details
are thus: These parameters may be used to calculate theoretical points using Eq. 13:
The surface concentration of L -is evaluated from Eq. 13 (14) where delta is: 
Experimental procedure

Reagents
The egg phosphatidylcholine (99%) used had the fatty acid composition: 16:0∼33%, 18:0∼4%, 18:1∼30%, 18:2∼14%, 20:4∼4%. Its solutions were prepared by dissolving 1 mg cm -3 in 1-chloropropane (Aldrich, > 98% pure) and were stored at 4 o C. Water was triple distilled. The second distillation was performed over KMnO 4 and KOH (both from POCh) to remove organic impurities.
The electrolyte solutions (0.5 M, 0.05 M, 0.005 M, 0.0025 M, 0.0005 M, 0.00025 M and 0.00005 M) were prepared from triple-distilled water and magnesium chloride (POCh, Poland).
Measuring apparatus and procedures
The homemade computer-controlled apparatus and procedure used for surface tension measurements was described previously [41] . The system was enclosed in an acrylic box to minimize water evaporation, to ensure high humidity, and to avoid contamination of the system. Measurements were carried out at the water/air interface at 22 o C and expressed as surface pressure area per molecule (π-A) isotherms.
The trough was filled with aqueous Mg 2+ as the subphase. Monolayers were prepared by spreading a defined volume of phosphatidylcholine solution in 1-chloropropane on the subphase using a Hamilton micro-syringe. Ten minutes were allowed for solvent evaporation and monolayer equilibration before an experiment was begun. The monolayer was continuously compressed using the barrier to obtain the π-A isotherms.
The Nima ST9002 computer program was used to calculate the monolayer surface pressure (π) as a function of surface area per molecule (A): π = γ -γ 0 = f(A), where γ is the surface tension of the lipid-covered surface and γ 0 is the surface tension of the bare air/water interface.
The reported values are highly reproducible and represent the average of at least five experiments. The relative standard deviation was less than 1%.
Results and discussion
We present evidence for the formation of phosphatidylcholine-Mg 2+ complexes at the air/water interface and use the equations developed above to describe the complex formation and calculate the LMg + and L 2 Mg stability constants. (4). The phosphatidylcholine isotherm is in satisfactory agreement with that previously reported [15, [40] [41] [42] [43] . This monolayer is a liquid-expanded membrane, with the hydrophilic head groups located in the aqueous subphase and the hydrophobic fatty acid tails oriented toward the air. The surface area per phospholipid molecule depends on the hydrocarbon chain length, conformation, and degree of unsaturation. The surface area for the phosphatidylcholine molecule on pure water is 56 Å 2 , in agreement with the literature [15, [40] [41] [42] [43] . Its surface areas in the presence of 0.00005 M, 0.005M and 0.5 M Mg 2+ are 59 Å 2 , 64 Å 2 and 70 Å 2 , respectively. The surface concentrations in the monolayer were determined from Eqs. 14-16 by linear regression using Excel 2003. The are 2.16×10 -6 mol m -2 and 1.53×10 -6 mol m -2 . Eqs. 9-10 gave the areas occupied per phosphatidylcholine, LMg + , and L 2 Mg: 56, 77, and 109 Å 2 molecule -1 respectively. The area occupied per phosphatidylcholine molecule calculated from Eq. 8 is the same as that obtained directly from the Langmuir method (Fig. 2) .
The area occupied by one L 2 Mg complex molecule is less than the sum of the areas occupied by each component, reflecting its structure. The stability constants K 1 = 9.95×10 2 m 2 mol -1 and K 2 = 3.87×10 4 m 2 mol -1
were calculated by inserting the experimental data into Eqs. 11 and 12, respectively. The relatively high stabilities of LMg + and L 2 Mg provide additional evidence for their prevalence. interacts with the headgroup, most likely the phosphate. Magnesium and phosphate are known to form a strong ion pair in water and the strength of this interaction is probably increased in the lipid headgroup region where the reduced local dielectric permittivity decreases the electrostatic screening. 
